This work proposes a method of combined additive technology, which includes plasma spraying and laser hardening. Also a system of equations for predicting the thickness of the deposited layer after plasma spraying on complex surfaces of parts was developed.
INTRODUCTION
To date, one of the main challenges facing the aircraft industry is to improve the performance the properties of the contact surfaces of aircraft components and assemblies. This issue is particularly relevant in Russia, in connection with the intensive development of aviation technology, the introduction of new generations of aircraft, reconstruction and construction of airfields, as well as the extensive use of ground-based aircraft special equipment [1] [2] [3] .
The article proposes a method of combined additive technology, which includes plasma spraying and laser hardening. The purpose of the proposed method is to maintain the achieved wear resistance and ensure the high quality of the workpiece surface. A system of equations for predicting the thickness of the deposited layer after plasma spraying on complex profile surfaces of parts was also developed. ____________
THEORETICAL BACKGROUND
In the case of plasma spraying, further mechanical treatment is required to eliminate the defects of spraying, which means that part of the sprayed layer in the form of an allowance is removed [4] . However, the elimination of allowance entails a reduction in the thickness of a sufficiently small sprayed layer and also leads to an increase in surface stresses.
After analyzing various additive technologies using highly concentrated energy flows, a combination of two promising technologies was chosen:
-plasma spraying; -laser finish hardening.
In the sprayed layers, as the coating thickness increases, the residual stresses, which, at a certain thickness, lead to the destruction of the sprayed part, increase [5] . This occurs when the residual stresses exceed the cohesive strength value. After the application of composite materials on the surface of the part is proposed to produce a finishing laser hardening, which theoretically should replace the heat treatment. This will reduce the level of residual stresses to the permissible value, increase the bond between the substrate and the sprayed layer and smooth the surface.
The theoretical basis of the proposed method is the ability to predict the melting depth of the deposited plasma layer during subsequent laser irradiation.
Based on a number of works [6, 7] an equation for calculating the thickness of the plasma layer of the part was obtained:
where H max -the height of the sputtered coating (mm); x -the coordinate of motion of the plasma torch nozzle relative to the plane of spraying details (mm); ρ 1 -the radius of the spot spray (mm).
As practice shows, the details of the aviation industry, requiring additive recovery and hardening, have significant dimensions. As a result, when the contact surface is sprayed, the number of rows of the applied plasma coating will certainly be more than three. Therefore, for three or more deposition series, the height of the deposited layer can be calculated by the formula [8]:
where δ -the coefficient characterizing the rate of increase in the thickness of the coating in the center of the spray spot; А -the offset step (mm); v -the travel speed of torch (mm/s).
RESULTS AND DISCUSSIONS
As can be seen from the formula (2), one of the important factors affecting the thickness of the applied layer during plasma spraying is the speed of movement of the plasma torch v relative to the treated surface. Based on the obtained results of the work of A. Ilyushchenko [9] , where the equations for determining the velocity of the plasma layer for different surfaces of the parts were developed, the system of equations for determining the thickness of the plasma layer for complex surfaces of the part was modeled:
where Н D -the thickness for disc type parts (mm); Н C -the thickness for cone type parts (mm); Н Cy -the thickness for cylinder type parts (mm) A promising additive technology for the restoration of aircraft parts, including plasma spraying and subsequent laser hardening, is proposed [10] .
A system of equations for predicting and subsequent control of the thickness of the deposited plasma layer on the complex profile surfaces of parts is developed. This system of equations will more accurately assign the depth of the laser hardening effect on the plasma layer of the parts, which in the future will significantly increase the adhesive strength of the substrate and coating.
